Digital laser current modulation (DLCM) is a convenient laser stabilization scheme whose major advantages are 11 simplicity and inexpensiveness of implementation. However, there is a tradeoff between the SNR of the error 12 signal and the laser linewidth due to the direct laser frequency modulation. In this paper, we demonstrated that laser into the sub-megahertz regime without requiring acousto-optic and electro-optic modulators.
lation for generating sideband frequencies [12] . Comparing 48 to AOMTS and EOFMS, digital laser current modulation 49 (DLCM) is a simpler method, but it is challenging to obtain 50 sub-MHz laser frequency stability because of two difficulties: 51 first the laser frequency noise will be increased by directly modu-52 lating the laser current, and second the laser linewidth will be 53 broadened by sideband frequencies. To address these problems, 54 we simulated the DLCM-based modulation transfer spectrum to 55 estimate the modulation effect, which helps us to narrow the 56 laser linewidth down to 500 kHz by optimizing the modulation 57 frequency, the modulation amplitude, and the servo bandwidth.
in Fig. 1 . A 1.6 mW beam from the ECDL1 is divided by a width with electronic noise of 300 nV · Hz −1∕2 at 100 kHz.
78
The lithium vapor cell is heated to 340 1°C, and the reso- 
121
For efficient four-wave mixing, ω m must be within the fre-
122
quency range of the Doppler-free feature.
123
When both the pump and probe beams are modulated, the dissipative profile [7, 16] as follows photodetector; PZT, piezoelectric transducer; QWP, quarter wave-F1: 6 plate.
7
where
where m m 0 n 0 − n 1 for the ω m sidebands of the 144 demodulated signal, and ϕ is the phase difference between 145 the DLCM signal and the local oscillation. 
MEASUREMENT AND RESULT

147
To optimize the DLCM locking, we first optimize the modu- 
A. DLCM Spectrum Measurement
154
The DLCM spectrum is obtained on the 2 2 S 1∕2 , F 3∕2 to 2 The spectrum curve is taken at 4 kHz sampling rate by scan- states of the excited levels.
169
We compared the DLCM spectrum with the AOFMS 170 spectrum by implementing an independent acousto-optic
171
(AO) frequency modulation. The thin red curve in Fig. 2 Fig. 3(a) . Two laser beams are 
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201
Lorentzian profile as shown in Fig. 3 . When the profile is the optimal modulation index, we limit the modulation fre-227 quency lower than the decay threshold of 250 kHz.
228
We choose the modulation frequency ω m 100 kHz to trum. This analysis explains our observation that the further 245 decreasing of β below 2 will increase the laser linewidth.
246
The modulation index β 2 is then used to search the op- is calculated by the standard frequency modulated linewidth. Blue in the short timescale after locking.
